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Objective of Research: The project has two major objectives: (1) to apportion the relative
contributions of point, area, and mobile sources to measured ambient concentrations of selected
toxic air pollutants (i.e., a suite of volatile organic compounds and PM; 5) in three communities
in the Minneapolis/St. Paul metropolitan area; and (2) to apportion the relative contributions of
measured ambient (outdoor) concentrations and indoor residential concentrations to measured
personal exposures for the selected air toxics in these same three communities.

Summary of Findings: Based upon a preliminary air dispersion modeling study of volatile
organic compounds (VOCs) in the twin cities metropolitan area, we selected three
neighborhoods for exposure monitoring (Phillips, Battle Creek, and East St. Paul—Figure 1,
McCourtney et al., 1999; Pratt et al., 1998). Neighborhood monitoring sites were identified in
each neighborhood and leases were established to conduct air monitoring at those locations.

A pilot monitoring study was done to evaluate the performance of the personal Organic Vapor
Monitors (OVMs) under cold temperature conditions. Stock ef al. found that OVM
measurements compared favorably with canister measurements of VOCs, although the OVM
measurements tended to be slightly lower than matched canister measurements.

We received additional funding from the University of Minnesota to add particle sampling to the
study. A subset of study participants wore personal PM; s samplers in addition to OVMSs, and
PM, 5 was also measured in their homes. The neighborhood sampling sites were equipped with
both PM;y and PM; s samplers. The addition of particle sampling delayed the startup of sampling
by several months.



In December, 1998 and January, 1999 we conducted a trial run in which project staff wore the
sampling equipment over a period of ten days. Based upon the results of this pilot study, we
made modifications to the procedures for outfitting study participants with monitoring
equipment.

Beginning in January, 1999 we recruited study participants, and on April 20 we began personal
montoring. Figure 2 shows a calendar of all sampling periods. Sampling ended in November,
1999. Gravimetric analyses of particle filters and GC/MS analyses of OVMs continued for about
six months after sampling. Metals analyses of the personal and outdoor particle samples was
attempted using XRF, but the technique was found to be inadequate (detection limits too high).
These analyses are currently being done with a more sensitive methodology under a separate
grant. The 1997 Minnesota VOC emissions were inventoried, and work is underway to model
concentrations of the measured VOCs in the neighborhoods and at participants’ homes to
compare with the measured values.

The first data to be looked at were the PM, 5 data. Some basic summary statistics from the PM; s
monitoring are given in Tables 1-3. The PM; s participants were a subset of the VOC
participants. Some of the highlights of the PM, s analysis include the following:

(1) Outdoor 24-hour average concentrations were highly correlated across the three
neighborhoods (Figure 3);

(2) Within-day variability for both indoor and outdoor 15-min average PM; s concentrations
was substantial and comparable in magnitude to day-to-day variability for 24-hr average
concentrations;

(3) 15-minute average outdoor PM; 5 concentrations varied by as much as an order of
magnitude within a day;

(4) There was much greater variability in the withing-day 15-minute indoor concentrations
than outdoor concentrations (as much as a factor of of ~40). This is most likely due to the
influence of indoor activities that cause high short-term peaks in concentrations;

(5) Some residences exhibited substantial variability in indoor aerosol characteristics from one
day to the next;

(6) Peak values for indoor short-term (15-min) average PM, s concentrations routinely
exceeded 24-hr average outdoor values by factors of 3—4 (Figure 4);

(7) The correlation between matched outdoor and indoor 15-minute average PM; s
concentrations showed a strong seasonal effect, where higher values were observed in spring
and summer, and lower values in fall—mainly due to the doors and windows being open for
more time during spring and summer;

(8) Indoor and outdoor PM; s concentrations werestatistically significantly correlated, as were
personal and indoor PM; 5 concentrations (Table 4), although the correlations were not
particularly strong (r=0.27 and r=0.51, respectively). Personal and outdoor PM; s
concentrations, on the other hand, were not significantly correlated (r=0.06).
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(9) For 29 adults with 7-15 days of PM; 5 monitoring we found that the distribution of
longitudinal correlation coefficients between personal and indoor PM; s was moderately high
(median r=0.45). The distribution of longitudinal correlation coefficients between indoor
and outdoor concentrations showed that these variables were less strongly associated
(median r=0.25), and the distribution of personal to outdoor correlation coefficients (median
r=0.02) showed little statistical relation between these two variables for a majority of
participants. A sensitivity analysis indicated that these results were not improved by
excluding days with exposure to environmental tobacco smoke or occupational exposures.
On average these adults spent 91% of their time indoors.

(10) Changing meteorological conditions such as a frontal passage resulted in changing PM; s
concentrations across the region and not just at individual sites. In some cases particle
removal by precipitation events was seen;

(11) Indoor concentrations were typically higher than outdoor concentrations and personal
concentrations were typically higher still;

(12) A frequency distribution of all the indoor and outdoor 15-minute average concentrations is
shown in Figure 5. A tri-modal lognormal distribution was fit to the outdoor distribution.
The smallest mode contained 12.5% of all measurements, and had a geometric mean (GM) of
1.1 pg/m’ and a geometric standard deviation (GSD) of 2.2. This may be interpreted as a
background aerosol that is observed on clean days. The second mode contained 60.2% of all
measurements and had a GM of 6.7 pg/ m® and a GSD of 1.6, and may be interpreted as the
most commonly observed ambient aerosol and is at least a metropolitan area scale
phenomenon. The third mode contained 27.2 % of all the measurements, with a GM of 20.8
g/ m® and a GSD of 1.3, and may be representative of high concentrations possibly due to
localized sources of PM, 5. A bimodal lognormal distribution was fit to the indoor
distribution. 14% of the measurements fell under the first mode with a GM of 8.3 ng/ m’ and
a GSD of 1.66. 86% of the measurements form a second mode with a GM of 35.9 ug/ m’
and a GSD of 1.8. One possible interpretation of these two modes is that the first represents
the influence of the outdoor aerosol on the indoor aecrosol, and the second mode can be seen
as the influence of indoor emissions.; and,

(13) Indoor PM; 5 concentrations were typically higher than outdoor concentrations, and
personal concentrations were typically higher still (Figure 6).

Analysis of the VOC results has only recently begun. Preliminary summary results are given in
Table 5. Fifteen pollutants were detected at least once in outdoor air using personal samplers,
while four pollutants (1,3-butadiene, methyl-t-butyl ether, chloroprene and p-dichlorobenzene)
were not detected in outdoor air. Eighteen pollutants were detected at least once in indoor air,
while methyl-t-butyl ether was not detected in indoor air. Nineteen pollutants were measured in
detectable quantities at least once in personal air. In general, a greater percentage of indoor
samples were above detection limits than outdoor samples, and a greater percentage of personal
samples were above detection limits than indoor samples.

The pollutants found in the greatest mass in outdoor air were toluene, xylenes, and benzene (in
decreasing order). In personal and indoor air the pollutants found in the largest mass quantities
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were toluene, d-limonene, xylenes, benzene, and ethyl benzene (in decreasing order). As with
PM, 5 indoor concentrations of most pollutants were typically higher than outdoor concentrations
and personal concentrations were typically higher still.
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Table 1. Descriptive statistics for Qutdoor, Indoor, and Personal PM.s concentrations stratified by
community and by season (all values in
png/ me, except as indicated).

Outdoor
Battle Creek E. 5t Paul Phillips
N | Mean | SD | GM" | GSD Range N | Mean | 5D | GM | G5 Range N Mean | SDY | GM | G5 Range
i} D 1]
All SR 94 [ 62178 [ 18 J1O0354 [ 95 108 |66 | 93118 | L1-dla | 88 100 (38 87117 | 28214
Seasons’
Spring o I0s [T RS (20 L33 | 36 120 | T2 P Ly | Ll3ss 30 120 (T2 10 LT 36353
Summer 220 8T (A4S e pas200 25 Ba |32 TR e 2314 30 86 |38 TR)LG 281609
Fall 0084 62170 LT 12035 2 (75 el ls [ 25406 | 28 93 |55 BT 28279
Indoor
All Seasons” [ JOR [ 106 L 66 | 9018 23360 | 97 [ 174 203122122 | 13-130 SOl A2 I30 3] 1e [31-909
Spring 127770 LT 4TS | 30 [ 207 26413624 | 30-130 S92 15020 49608
Summer o B9 | 38| S Ls 35164 | 26 |18 LILALI3T e [ 47-659 | 36132 64 [ TL4 )17 | 3.1-302
Fall 170109 1 74 1 88[20 23369 [ 41 [ 160 196104124 [ 13977 | 38 44 [ 167106120 |33-909
Personal
All Seasons' | 118 | 226 1257 162122 | 38207 | 107|305 38720623 (25208 [107] 265 (245320020 | 22-211
Spring || 263 J257 194 |2 39-133 [ 1339 344123923 |25-20] 81375 (37620018 | 148211
Summer SU{285 |36 12032 SO207 [ 25 1205 115017218 [ 59-824 W 226 (153 (19217 | 27-825
Fall 6| 155 11341192 IB-8023 | 3R 331151919525 | 5.0-208 0126 (167117621 22675

*Nunber of valid observations

"Georret ri ¢ Mean

‘Geonetric Standard Deviation

‘336 total outdoor sanples attenpted, with 65 (19% invalidated because of equipnent failure

367 total indoor samples attempted, with 62 (16.9%) indoor of filters invalidated because of pump problems (e.g., flows outside of target range),

and 19 (5.2%) of samples invalidated because of filter problems (e.g., punctures, mishandling)

'413 total personal sanples were attenpted, with 38 (9.2% filters invalidated because of punp problens
(e.g., flows outside of target range, battery problens) and 44 (11% of personal filters invalidated
because of filter problens (e.g., punctures, m shandling).



Table 2. Summary of
PM . study participants,
ventilation patterns.
ot herw se indi cat ed.

i ndi vi dual

time-activity patterns for the
and househol d

t obacco exposure,
Results reported as hours per day unl ess

Variable Mean | S | Median | Min Max
I'ime Sent in Microenvironment
Indoors (all locations) 21.6 2.4 220 10.0 24
-at Home 7.2 1.7 | 5.0 | .00 24
-at Work/School 3.1 1.3 0.0 0.0 | 5.4
-at Other .3 | G 0.0 0.0 9.5
Outdoors (all locations) 2.8 3.6 1.0 0.0 15.4
-at Home 0.7 1.4 0.0 0.0 91
-at Work/School 1.6 3.4 0.1 0.0 | 5.4
-at Other 0.3 |.3 0.0 0.0 8.5
In Transit 1.0 1.0 0.9 0.0 8.5
Minutes/day tobacco exposure” 14 h2 0 ] 60
-BOK 08 H3 0 il Qi
-ESP sl 1oz () i UL
-PHI s01 19 0 i 120
Hours of houschold ventilation" 9.71 104 4.0 { 24
{all locations)
-BOK 69 2O 2 i 24
-ESP 1371 106 5.1 0 24
-PHI ool 104 1.0 () 24

‘Measured on days with a valid personal

PM2. 5 neasurenent.
"Hours per day that wi ndows and or doors open.




Table 3. Summary data for PM, 24-hr average concentrations and
|/Oratios and 15-m n average concentrations and I/Oratios.

Nunber of Mean Medi an St andard 10", 90"

Metric Cal endar Devi ati on Percentil es
days

24- Hr Aver age
Qutdoor 52° 10.7 pg/ni| 9.3 pg/nB | 6.5 pg/nB 4.0, 19.6
Concentration ug/ nB
I ndoor 54° 13.5 11.5 pg/m8 | 8.7 g/ n8 5.3, 22.5
Concentration ug/ n8 ug/ n8
| ndoor / Qut door 49° 1.56 1.06 2.6
Ratio

Nunmber of Mean Medi an St andard 10", 90"

24- hr Devi at i on Percentil es

Metric Peri ods
15-M n Aver age’
Qut door 48° 10.7 7.5 pg/n8 | 10.8 ug/ n8 1.2, 23.7
Concentration ug/ n8 ug/ 8
I ndoor 104" 14.7 11. 4 pg/m8 | 13. 6 ng/ B 5.1, 27.9
Concentration ug/ n8 ug/ n8
| ndoor / Qut door 15° 2.4 1.4 3.9 0.7, 4.2
Rati o

Not es:

‘Over the 52 cal endar days,
three communities.

For 35 of the 52
all three sites,

*Over the 54 cal endar days,

cal endar days,
whil e for the other

residences in the three communities.

mul ti pl e measurenments were nmade on the sane cal endar day but

resi dences.

‘Over the 49 cal endar days,
On a given cal endar day,

sanpl i ng peri ods.

leading to multiple val ues of
15-mi n aver ages,
than the nunber of cal endar days.
but at different
hence,

‘For

cal endar
patterns and,
"Concurrent valid
139 24-hr outdoor
"Concurrent valid
168 24-hr
days.

°Concurrent valid
15 conpl ete 24-hr

measur enent

24- hr

out door

139 valid gravinmetric sanples were obtained in the
These include nmany instances when multiple neasurenents
were made on the sane cal endar day but at different central comunity sites.

we obtained valid gravinmetric measurenents at

17 cal endar days we had valid
nmeasurenents at two of the three sites.

168 valid gravinetric sanples were obtained in

These included many i nstances when

I/Oratios were cal cul ated for
1-6 residences could be nonitored,
I/Oratios for the sane cal endar day.

the nunber of 24-hr neasurenent periods is nore rel evant
Mul tipl e nmeasurenents nade on the sane

| ocations may display different unique tenporal

are consi dered i ndependent.
Dust Trak neasurenents were avail able for

in different

143 24-hr

48 of the

nmeasur enent periods and correspond to 34 cal endar days.

i ndoor

out door and i ndoor

nmeasur enent peri ods.
nmoni toring periods and 104 indoor

Dust Trak neasurenents were avail able for
periods in residences and correspond to 52 cal endar

104 of the

Dust Trak neasurenents were avail abl e for

These are a subset of the 48 outdoor
nmoni t ori ng peri ods.




Table 4. Log Correlations (r) between Qutdoor (O, Indoor (I),

and Personal (P) PM.s
concentrations.

-} -0} P-1
I p= r p= r p=

All Households 0.27 J=0.0001] 006 ] 029 | 051 0.0001
By Community (All Seasons)

BCK 0.4 oonor | n.n2 RS 037 00005

ESP 013 0.22 0.06 ).55 0.72 0.0001

-results with one high exposure
subject removed” 01Y 0.042 0.20 0,06 .63 0.0001

PIILI (35 Oo000s 013 020 040 00002
Bv Season (All Communities)

:\.|_}|'|'|'|;1_5 (.34 (s 014 014 040 0004

Summer 03z 000 N 046 (.44 0000

Fall 0.0 0.03 003 76 (1 () 000

*One ESP participant had up to 600 m nutes per

exposure recorded on their tine-activity diary

day of tobacco




TABLE 5. COMPARISON OF OUTDOOR, INDOOR, AND PERSONAL BADGE RESULTS FOR 3 SEASONS AND ALL

COMMUNITIES
% > DL MEAN (ng/m?) % CV MEDIAN (ug/m®)|  MAX (ng/m?)

POLLUTANT DET. OUT | IN | PER [OUT| IN |PER|OUT| IN |PER|OUT| IN [PER|OUT| IN PER

LIMIT

(ng/m’)
Butadiene 2.01 0.0, 1.9 4.0 1.0l 1.1 1.2 Of 86| 96/ 1.0/ 1.0 1.0 1.0 13.3] 123
Methylene 0.78| 20.8 61.8/ 729| 05 59| 66| 591| 340, 0.4| 11| 1.4 2.4{743.8] 291.7
Chloride
Methyl-t-butyl 0.38 0.0f 0.0 0.3 0.2/ 0.2] 0.2 0 0f 55 0.2 02/ 02/ 02/ 0.2 2.1
ether
Chloroprene 0.35 0.0, 0.9 0.3 0.2] 0.2 0.2 0| 14/ 10| 0.2] 0.2 0.2] 0.2/ 0.5 0.5
Chloroform 0.23 42| 75.7] 79.4| 01| 1.5 1.6/ 26| 130/ 108 0.1 0.9] 1.0] 0.3] 154 11.0
Carbon 0.51| 68.1] 56.8/ 69.5| 0.5/ 0.5/ 0.6/ 44| 58/ 51 0.6/ 05 0.6 1.0 24 2.7
Tetrachloride
Benzene 0.40] 94.4| 98.4| 100.0| 1.5 5.6| 7.1| 59| 164 197 1.4/ 19| 3.1 4.5 64.5| 167.3
Trichloro- 0.26| 18.1| 37.9| 49.8 0.6/ 1.0 80| 301| 408 0.1f 0.1] 0.1 0.8 24.3] 53.2
ethylene
Toluene 7.68] 12.5] 71.0] 79.4| 4.7|122.2/29.4] 55| 119] 176] 3.8| 12.3| 16.8| 15.9/ 169.8| 634.6
Tetrachloro- 0.48| 41.7| 59.3| 72.6| 0.6| 2.7/28.6] 110| 319| 808 0.2 0.6 0.9] 3.4 97.2| 2757.0
ethylene
Ethyl Benzene 0.29] 75.0] 96.8| 100.0| 0.7] 3.8 5.4| 68| 169 225/ 0.6 1.4| 2.1 2.3] 45.8/ 169.0
m/p-Xylene 0.86| 79.2| 98.4| 100.0| 2.4{14.1]120.1| 70| 175 213| 2.2| 4.7] 7.2| 8.6/ 166.8] 557.1
Naphthalene 0.29 2.8| 11.0 5.6/ 0.2| 0.2] 0.2| 76| 155 209 0.1] 0.1 0.1] 1.1] 3.0 6.9
o-Xylene 0.34| 75.00 97.2| 99.7| 0.8 4.6| 6.5 70| 181 207 0.7 1.5/ 2.3] 2.9] 63.6/ 164.4
Styrene 0.26| 20.8| 68.8] 79.8/ 0.2 0.8 1.0/ 80| 201| 156 0.1 0.5 0.7 1.1| 20.4] 17.8
a-Pinene 0.32| 22.2| 89.6] 90.3| 0.2] 5.9 57| 90| 249| 212| 0.2] 21| 2.3| 1.7/172.7] 137.9
b-Pinene 0.50 42| 60.3| 65.7] 0.3] 2.9 3.8] 45| 478| 351 0.2| 09| 1.2| 1.1|227.7| 188.7
d-Limonene 1.06 42| 87.7/ 90.3] 0.6{14.5/21.0 87| 175/ 160| 0.5 7.6] 10.5| 4.9/268.8] 233.1
p-Dichloro- 0.58 0.0 20.2| 38.6] 0.3 1.2| 31 0| 366/ 370 0.3 0.3] 0.3| 0.3] 39.6| 139.9
benzene

% CV = STANDARD DEVIATION DIVIDED BY THE MEAN, CONVERTED TO PERCENT
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Figure 1. Map of neighborhoods selected for monitoring.



1999 HAPS Monitoring Schedul e

48hr / 3 Day Monitoring Schedul e

January 99 February 99 Mar ch 99

SUN MON TUE WD THU FRI SAT SUN MON TUE WD THU FRI SAT SUN MON TUE WED THU FR SAT
1]2 112|134 |5]|6 1123|456

3|14|5(6|7]8]°9 718(91]10|11|12(13 7189 (10(11]12|13

10111|112(13|14]15|16 14115(16|17|18(19]| 20 14]115]|16(17|18]|19]| 20
17]118]|19(20| 21| 22|23 21122 23|24(25|26]|27 21)122(23|24|25| 26|27

24(25(26]|27|28(29| 30 28 28(29(30]| 31

31

Apri | 99 May 99 June 99

SUN MON TUE WED THU FRI SAT SUN MON TUE WED THU FRI SAT SUN MON TUE VWED THU FRI SAT
11213 1v Iv| 2 [3v|4v]| 5

41516 7[8]9]10 2v| 3 [4v| 5| 6 | 7v| 8y 6v| 7v| 8 | 9v|10v| 12|12y
11]12|13(14|15]|16| 17 9 |10v|11v| 12 |13v|14v| 15 13v[ 14 |15v|16v| 17 [18v|19v
18| 19|20v| 21 [22v|23v| 24 16v[(17v{ 18 |19v|20v| 21 [22v 20 [21v| 22v| 23| 24v| 25v| 26

25v| 26v| 27 | 28v| 29v| 30 23v| 24|25v| 26v| 27 [ 28v]| 29 27v|28v]| 29 | 30v
30(31v
July 99 August 99 Sept enber 99
SUN MON TUE WED THU FR SAT SUN MON TUE VD THU FRI SAT SUN MON TUE VED THU FRI SAT
Iv| 2 | 3v 1|2v|3v| 4|5 6v| 7 112(3|4

40| 5 [6v| 7v| 8 | 9v [10v 8v| 9 |10|11v(12/]| 13|14 5|6([7]8]9]|10[11
11|12v|13v| 14 |15v|16v| 17 15|16(17)|18|19( 20| 21 12113|14|15(16|17|18
18v[19v] 20| 21v| 22| 23 | 24y 22123|24]|125(26|27]| 28 191 20| 21|22|23v| 24 |25v

25v| 26 |27v| 28| 29 |30v| 31y 29130( 31 26v| 27 |28v| 29| 30

Cct ober 99 Novenber 99 Decenber 99

SUN MON TUE WD THU FR SAT SUN MON TUE WD THU FRI SAT SUN MON TUE WED THU FRI SAT
1v | 2v vl 2 [ 3v| 4v]| 5 | 6v 1123 4

3|4 |5 |6 | 7|8 ]9 7v| 8 | 9v |10v| 11 |12v|13v 516([7]8]9]|10f11
10v(11v] 12| 13v|14v| 15| 16v 14 115v[16v| 17 |18v[19/| 20 12113]|14(15|16|17|18
17v[ 18 |19v| 20v| 21 |22v|23v 21v|22v[ 23| 24| 25| 26| 27 19]120|21|22|23|24]|25

24 (25v| 26v| 27 | 28v[ 29v| 30 28(29] 30 26(27|28]|29|30(31
31v
V/ [Saturday or Sunday MPCA Site Visit
|:|24hr Run Days V|Site visit:Collect/Setup PM2.5, PMLO, VOC, Hang VOM Site visit to Renbve VOM Badge

note: VOC sanples run 48 hrs starting at 8 pmprior to the mdnight of the 24-hr run de

Figure 2. Calendar of sampling periods
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Figure 3. Qutdoor PM2.5 concentrations nmeasured at central sites in
communities A( n =45) and B ( n = 50) plotted agai nst those neasured
at community C ( n = 44). A linear regression of comunity A vs
comunity C had an Radj = 0.90 with a slope of 1.00 (#0.05). A linear
regression of community B vs comunity C had an Radj = 0.95 with a
slope of 1.00 (£0.04). A linear regression of conmunity B vs community
C had an Radj = 0.89 with a slope of 0.94 (£0.05). For all three

regressions, the intercepts were not significantly different from
zero.

13



40 100
2a4-hr 100 rale = 1135

R, = 037 jwhole day)

o =066 (excluding bao indoor
peaks af 600 and 21:00 hr)

=

IndeorOutd cor Rat o

F. . Concentration fug/im?)

5 AL
ﬂ = L
([t _.-,a."l.'“.":l'l.""":' = 0
L] L]

Ly 00 400 G000 800 1000 1200 1400 1800 1800 A-00 2200 000
Time

<a - Qutdaor == |ndaor ——15-min VO ratia

7
. 24 -hr LD ralio =1 32 1od

a5 Ry = D51 (whake day)

Indoor/Oul door Ratio

P, Concentration fjug'm?)

I:l . e I.-.

o0 200 400 00 A:00 1000 1200 1400 1600 1800 2000 2200 Q:0D
Time
--a - Qutdoar  —o— Ipdoor  —— /O ratie

Figure 4. (a) Real-tinme outdoor and indoor PM2.5 concentrations and I/ O ratios
over one day in a residence. There were two distinct periods when the indoor
concentration showed a sharp spi ke, around 7:00 a.m and around 9:00 p.m (b)
Real -ti ne outdoor and indoor PM2.5 concentrations and I/Oratios over one day
in a residence. Indoor PM.5 levels closely tracked the outdoor |evels, and
there were no indoor concentration spikes.
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Figure 5. Probability distributions of outdoor and indoor 15-minute average PM s
concentrations in indoor and outdoor air. The outdoor air shows a trimodal distribution; whereas
the indoor air shows a bimodal distribution in which the low concentration “clean” mode is
absent and the high concentration “dirty”” mode is enhanced.
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